INTRODUCTION
Estimates of heritability of milk yield from both daughter on dam regression and paternal half-sib correlations have been found to increase with production of the herd (2, 3, 11, 13, 16) . Earlier studies showed a similar pattern as recent estimates, although most were based on less data. Herirability estimates from countries with low production are generally smaller than estimates from countries with high production (11) . Many recent results are from analyses of records from northeastern United States. High average production in California suggests that heritabiliry for herds in California might be greater than where average production is less. In that case, large California herds might have some advantage for sampling bulls. The Midwest and Northeast, however, contain a large number of cows. The purpose of this project was to compare heritability and variation at different herd production in California, New York, and Wisconsin using REML with an animal model. The three states were chosen to represent three regions with high concentrations of cows and different management practices.
MATERIALS AND METHODS

Data
First lactation milk and fat records of Holstein cows freshening from 1970 through 1985 in California, New York, and Wisconsin were furnished by the Animal Improvement Programs Laboratory of the USDA. To reduce the time period and range of yearly production within a herd, only production records started in 1978 and after were included in one set of analyses. Pedigree information from 1970 through 1977 records also was used to account 1988 J Dairy Sci 71:3053-3060 3053
for numerator relationships among animals that had records in the analyses. Another data set was created from records started before 1978 to examine changes with time as average production was less before 1978 than later (see bottom of Table 3 ). For the 1977 and earlier analyses, relationships were computed from cows in data set (1970 through 1977) and parents of those cows. For the 1978 and later analyses, relationships were computed from cows in data set (1978 through 1985) and from ancestors of those cows appearing from 1970. Management practices may also have changed through time, although such information is not available. Records were eliminated for inconsistent dates, missing information, and milk records less than 2268 kg or greater than 18,144 kg and fat records less than 68 kg or greater than 680 kg. Herds were chosen from the overall data to contain 300 to 400 cows with first lactation records in the time period to be analyzed. The goal was to have about 12 herds in each sample for analysis. Two samples were chosen from each state and time period. Characteristics of the data sets are in Table 1 . The same procedure was followed when samples were taken according to herd production category except that considerably more than 12 herds were sometimes needed to obtain samples of about 4000 cows (Table 2) .
Analyses by herd production category were done only for records of cows that first freshened in 1978 or after. Categories of production were determined from herd average for milk yield; records in the herd average associated with each record include average mature equivalent yield of cows with completed lactations that calved in the 12 mo preceding fresh date. Averages associated with individual records were reviewed, and the largest for any lactation started in the herd after 1977 was selected as the indicator of production category for all records from that herd. The same limits were used for the three states: low production herds had largest herd average of less than 7711 kg, middle production herds had largest herd average between 8392 and 9299 kg, and high production herds had largest herd average greater than 9979 kg. Gaps between categories were set deliberately to separate low and high groups from the middle group. California had few herds and cows in the low category~ nearly all were included in the analysis with first lactation herd sizes ranging form 44 to 357. The count for herd size included all cows in the herd for the time period studied. Herd sizes for low herds ranged from 174 to 290 in New York and 170 to 399 in Wisconsin. Similarly, nearly all herds categorized as high in Wisconsin were needed for those analyses with herd sizes ranging from 75 to 233. Sizes of New York herds in the high category ranged from 143 to 540. The range of sizes for middle category herds was about 300 to 400 for all three states.
Methods
Restricted maximum likelihood estimates (14) were obtained with a multivariate (milk and fat) animal model that included fixed herd-year-season effects (two seasons per year: February through June and July through January), animal genetic value, and random environmental value. Covariances between residual genetic and environmental effects and among environmental effects of relatives were assumed to be zero. The procedure is outlined in Henderson (9) and detailed in Swalve and Van Vleck (15) and Van Vleck and Dong (17) . All numerator relationships within a herd (including sires and base animals without records) were used to determine the relationship matrix among animals with records. The inverse of that relationship matrix was used in the REML procedure to make the procedure computationaUy possible. If relationships are assumed to be zero with the animal model, genetic and environmental variances cannot be separated. Relationships across herds were assumed to be zero even if bulls were used in more than one herd in the sample. Such relationships do not seem to have much effect on estimates of variances and covariances (Robert P. Yerex, 1988, personal communication) because of the sparsity of across-herd relationships. Canonical transformation, factorization of the relationship matrix, and tridiagonalization were used to speed up the computations as described by Lawlor (10) . Number of rounds of iteration was 300 per analysis for overall samples. Little change in estimates occurred after 50 rounds, although at 50 rounds some drift in estimates seemed to be occurring. For the analyses by category of herd production, 500 rounds of iteration were done because drift was more noticeable in some of these analyses. Later inspection revealed no practically important changes after 300 rounds. Only samples for low production herds in California showed changes as much as .02 for estimates of heritability and genetic correlations from round 300 to round 500. Changes were in the third decimal place for most other analyses.
R ESU LTS
Estimates from samples over all herd production categories are in Table 3 for the two time periods and three states. Standard errors for heritability estimates (17) are probably about .03, larger than that for genetic correlations and smaller for phenotypic correlations.
A somewhat surprising result is that estimates of heritabilities and genetic and phenotypic correlations are consistently larger for the early time period than for the last time period in spite of yield increases. The only exception is for milk yield in Wisconsin. This trend agrees with paternal half-sib analyses of New York data (13) 
Samples by Production Categories
Estimates by state and by category of herd average are in Table 4 . Heritability estimates for milk and fat follow the usual pattern [e.g., (2, 3, 16)1 for the three states in that heritability becomes substantially greater from low to middle to high herd production categories. The pattern and average estimates essentially are the same for milk and fat yield.
With exception of California, genetic correlation estimates decreased as production increased. The average absolute difference between the two estimates for each production category and state combination was relatively large, .070. Phenotypic correlations decreased slightly with each increase in category of herd average for the three states. The average absolute difference between the two samples was only .022.
Estimates for both genetic and phenotypic correlations were greater for California than for New York and Wisconsin for all three production categories as well as for the analyses for samples from all herds.
With the exception of New York middle and high categories of production, phenotypic variance increased as category of production increased. The overall pattern based on relatively small samples is consistent with other estimates of phenotypic variance [e.g., (3, 13, 19) ]. Environmental variances, however, were slightly greater in middle than in high category herds for California and New York records. The average absolute difference between the two samples for environment variance was .0513 for milk and .0549 for fat yield.
In a parallel study using daughter and dam pairs, only about 40% as many pairs were found in the California data (13.7%) as in New York (36.0%) and Wisconsin (34.7%) data (Kevin Wade, 1987, personal communication) . This discrepancy suggested that reliability of pedigree identification may be different in California from that in New York and Wisconsin or that more replacements may be purchased in Table 2 show the fraction of nonzero elements in inverses of the within herd relationship matrices. These fractions are considerably different for the California samples as compared to New York and Wisconsin, especially for samples for the low category of herd average. Whether this difference suggests that true heritability in California is larger than estimated in this study is unknown. In a study to be reported later (6) that included matched daughters and dams, the fractions of nonzero elements in the inverse of relationship matrices were comparable in all three states and similar to those for New York and Wisconsin. From records started in 1978 and later, heritability estimates were slightly larger for milk yield in all three states and for each state except California for fat yield. A different set of herds was analyzed so that the estimates may be affected by the herds chosen for the samples.
CONCLUSIONS
Heritability for milk and fat yield seems similar in California, New York, and Wisconsin herds. The pattern that heritability for milk and fat yield is smallest in low production herds and largest in high production herds is the same for California, New York, and Wisconsin herds. Differences in heritability would make testing of daughters in high production herds more effective for evaluation of young bulls than in low production herds if genetic correlations between genetic expression in different production categories are as large (.90>) as reported by DeVeer and Van Vleck (3) .
Genetic correlation between milk and fat yield seems to have decreased from the 1970 through 1977 data sets to the 1978 through 1985 data sets. Genetic correlation also seems to have decreased slightly as herd production category increased in the same time period. Genetic correlations, however, from the California samples were consistently greater than those from the New York and Wisconsin samples.
The pattern of phenotypic and environmental variances is confusing except that variances were smallest in herds in the low production category.
The significance of differences in relationship matrices for California as compared with New York and Wisconsin herds needs to be studied. If the reason is inaccurate identification, then use of such herds may lead to inaccurate predictions of breeding value from either animal or sire models, depending on whether sires or dams or both are misidentified. Purchased animals with missing identification would not allow correction for mates in predicting sire breeding values from animal or maternal grandsire models.
